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(57) Norrrfatfy iiranss^ptipnaliy client genes if! a eu^ 
.fcftrytfjc C£i! iime may be aeijvat^d for expression by in* 
'sailing a D&A ^ ffegiitetpfy atesnant which ;ss capable of 
promoting vie expression of anormsliy ^Kprasaed gfcne 
product ,r» that call, the regulatory eierr.snt b&ng insert- 
ed so as to be aparativaly iinKod to th#. rjorrr.aliy stent 



g&n& in qutifttion, Tha tn^rti^n is acocmipiishsd by 
means of hcmoiocjoijs recpmfoination, ysing a DNA con- 
struct lauding a DUA aagrnem of tha nprniaily -.sitent 
gene ("largisSing DNA") and the QN& r&gu iatory aiamam 
to ^idbcs uaascriptiQa Ths tscftntqyg !& a&o u&acTto 
modify the expression cftaracisrisijcs af any ertricjg* 
&r,QG£ gane of a $vm frukaryotic ceil iirvss. 
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The pMm invention reisfes fca-pwe&*$ mmmmcmm of the .eKp^jon-fih^eritttotir s aerie which 

taw mtmtm^mmWom? Went or h^. . 4 /J>a^ : ^-|Ka^ ipns«i^-c)C Waf - tef-.«ab»^Mct; ^ 
• or the *^:P«^* identified «s ceil arid actiuaiM by inserting an appropriate regulator ttritfnt through 
^aatoK^otthec^ 

and -has been activated by mean* of the present inven^on, or and^enouaiy sxjxmes product 
MC^ROUN^F THS INyENTiOftj 

s ount* wthiri thai" orgsnwrt. However ociy 3 very if percentage of the genes preset, wtthin a given ceil iype is 
^<JBHjM<merfa«<i The.in^ raguima tha oi genes to foe tr^nscrfead are n<xv wn^ 

stgoc spee^e proieine present vvfthin the nucleus 'mm with DNA rectory segmonis that &m \mk&wih 

l Jlf!ZT ,n :mmA *»syn*^fe ^ «ie *xp.»a&fca of the encoded protein (Mseheii and Tjfeh; Science, 245: 

ThaseDNA^ within or even 

cc^^s^6a^.^!th© : :^©^f^ re'Q-ipi^s-. ' s hrough en interaction Wtth-ceil specific hucj&air wotisiiins', DUA ragti&iory .s&rcerife 
affecx tne ability otR&A polymerase; m rate Mono, ©nzyroe in protein expression to gain aceassic ms booty of the 
and syntheses a mR^A t^ns^pi . Tmis, these ONA segments and trie resident nuclear proteins p!ay: & epical 
rote in -fie d sxpressjoT! o? specie penes (Joftn&an ano McKnight, i^^Ll^!^ 5S:79S 1 9&&) 

The DNA re^$oFy ..ragme^ are -$jrKfcg:*if SB tor the nuclear proteins These nudsar orotSns a&h to theONA 
helix and apparent aft* fts structure to make tha deseed gone a^abfe tor BNA poiymsrass rseognition. which 
mcsiitates gens transection. The expression of mass cefc specific regutetorv orceins determines which genes wit) ba 
transcribed wrthjo a cstf -and the rate at wh^h this expression wilj occur. As an expose of th^ soecifioity this system 
pituitary ceits but not iitfer cat* express pituitary proteins, wen though the genes for the pituitary proteins arb present 
within ai! liver ceils Nuclei of the tiv&r cc?is do not contain the specific DNA binding proton which interact with the 
®9mems ot pituiiary ganss restcfent within the live? ceils, 

Oiirrjnj^hods 



a 



Wm the knowie^e inm specific DNA rsgyi&tory sequences are required to achate gen© transcription within 
particular Ceil type, scientist have expressed torsie-n genes w&nfo a particutar cs?! type through genetic anginesrinc 
in genera}; 0m regcirjlory segments thai are recognizee* t>y the ce^s nuclear proteins are ptaced upstream from the 




employed to produce proteins foarhsv^ 
stratecjies. 

En addition io m recc^n^abfe ONA sacjuen^ ano the gene at interest, a setectahio m&M i H attachact to the 
Om. r^iftabikjn. in this way, only the cells that hav« taken up the E?^A survive foitowing cuiture in a sslectabie 
medium ,Ppr.'$«ampJe, the o^ne tor neprnyoin resistanoe may be inei^sd m the expression vactor, Fofbw^g trans- 
Action, C3!te are cu^ured in a neomycin antibiotic that is lethai to mammaisan cafe. If however, the ceSt& havo 
sc^Hfotf-shes neomycin f^stancs they wtr^^ oftneoVuo. tn this^v. on5y 

too cells ;h.* have tak^r, up the tr^nsfscted DNA are maintained in cuiiiJm, it is undsr^ood that any -seSB^abia marker 
cQUtd be Useci as tonQ as i^ seJ©etion ot ceite that had taker* up ^-c:T^ftsfeited' bMAi : ii ; i&^rihsr wderstood 

that there b no eriiica'ity as m th§ ..specific location of the jriserted gsnetic matehal within the cat! it is onty important 
that it &e taken up ^mewhere within nucieus as tjoJth the: reguJa!ory segment arid tfte torsign §to ^sj'we)- as the 
ssJectacte rriarkerj er© jcserteci tocjethe' 
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Q±[ ?f^M$ih<&§ p ro an & Sx&rss&sn 

Wh*ie tte above leuhniqiiss have feseh' : instjumenta! in visiting ths power of :genetb;.en§^^y^.§, thsy have not 
always been tive most off ieismi methods to sxpresss genes This is tim te-lhe fact that ins&riion of ONA Ho the nucleus 
5 Of a cell fine » asuaJSy accomplished ihfough a isohnique known as transfsmspm DN A that has been engineers tor 
expression in thecsit Wm'ot' interest .^.-precipitated and the ceil membrane is sofufci Sized tB^iow entry of tha UNA As 
indicated aoo^ never predictable; hoeed ms DftA 

may remain e^isoma^^^^ 

of xhe protein produced arid the stability of the cell Sine. 
w A second 

when the gene /of jntefost is relatively targe (greater than k\m>m$$S Many of ihs pr^eins expressed by rsconv 
b^irtam ONA technoiooy have been sncoosa by cDNAs rather tnsn rrtuc^ larger genome cip^es This s$ dona to reduce 
the ov&r&li sizs of the insert. VVhiie i^e use of eDNJAs ffi&Kes genetic anginoefsna: more convenient rstss of sens 
inscription and prpt ein production may mtf&t as a result; It has recently been shoym that sxprsssioo toveis are 

r5 some&rnes greaiiy &<>>cinxeti through rhfi use of ..genome raihsr than CQNA inserts £Bnh*ier &t al. , Prop ftatytead: 
.19,^.85:^36440,. and Chung and f^arry J^L^l 5isL '-&:2Q75> £G8£, Although the m^eha^isms resporj- 
Sibie for this Ofej^iVation a^encl .:*veil understood, jiis known thai in pertain ^ituatior^ enhancer elements presenJ w^hin 
intror^ can ifFiprove the franscripifonai efficiency of the gsns. There :s «}so evidence th*: ihirons. or thtv s-piicing evar.te 
which resufHromfepresenca ol ^ihsns. may ^ista 

so of iranechpfipn (Sgchmao and Berg, M*L CsA S 4595-4405 . 19S8j. This may Siabfe the transcript thereby 
improving tha ;a?.a of mRN& accumulation In 'the above cited Briefer at alpap&r. it ais^ postufcd ihar^hs po&i&on 
of the imrons within Efts ,^n@ may be imjponartf for phasing of nuclcosomes revive to the promoter. The Muerscs pt 
vanousre^iaiOry ^ 33:31 
Mantis -ei.ai. Science. 236. 1237-45 0387} and Muffs r el a!:. Em. J. 3io chem , 176;43Svg^nSe&^ 

^ Vnjrtify, \q Qatn entry into the nucleus, the ?fans:ecte0 ON A, including the entire coding region of the foreign gene, 

mList traverse the eytoplasm foifowng MVitiy tjh ro j J the permasabil^ao 1 piasma mernbrang oMhe oe-li. During that time, 
ihe Dt\A may come m coritaet with (ysosowai on destfoy the integrity of the DNA. 

Thus, the . coding region of tne DNA may not be idemicai to mat whioh wae imnsfects^ 

The novel moihtjd of gene aciivation ami^pf exprsssk?n modiff cation tnai describe bek?w cannqi resuK in the 

^ pro6uci®n of muJsr.t forces of me desrr^d protein, since me coding regson of the desired gsne is not subjected to 
en ?.yr"«^r: mexf ifjeations. 

in summsf^ a large amount of the DNA trBrisfeeteo 1 hlo she cell ysina tradfrorvs! t&chnsquee. and panicyiariy the 
eodifigregioh i!i&reof ( wiitnotoefajthfeiiy tmnsbnbeci it rrsay be dsgradsd prfor to entry into the hoefeus, e^zymafe;!;y 
perturbed m thai it ■ ■'$ricad& the entire desired protetn or ft may not contafn all ot !he necessary regulaton/ 

^ esgmsrits to aiibw for ^inscription * may :b9 irjserteo 4 into a portion of the genome that prevents transenptibn. it rhs 
cDNA is iransqr^ed, the pfoletn ot interest may ml be pf^^csd eftdsniiy do# w ihs ornisejon of imrons vyhreh may 
contain en^an^ers or enabie efficient ntH&iA jprocsgspn^. Finatiy, rt may remain ^pisomai, pr^ftwifi proteirj prbdudion 
but be ijftstabie -as th.a os!i popuiatlon orows through ceii d^fs ion. 

It would i>e most dasirsme to tSevatop a method of incJuc^ion of: gem expression that wouiet p?o6m$ a ooEi line that 

A $ has incarparafsd ths positiv/e attributes of the eKistitng metnoOs but som^hovv cfrcumvems the unattractive ifsstures, it 
would further be oesirapte to oe abie to exr>r«ss o? moo"i|y endogenous expm^jon of partoiar genes in ihe ce^t type 
cif choice, ft: is further desired to be ab^e iom& sxkmte®% oi ihe potentiai benefits that may ne afforded oy b compi^s 
genomic sequence which may ineiytffc cryptic tf^ snhanoers that may ra^ide v^thirt shtrons, by appropriate 

piacemenr orintions for proper nucieosome phasing or &y mom sffic?fent mBNA processing; ev&m$. These advaniages 

*s am ordinarily nor enjoyed m recombinant DN A 0xpr©sSiOn m^tnMs due to it® me of me oens if one were ante to 
Express: a tjehe that is aiready resident in the genome, i.c . an ersdo^enolm $m% **\\ iine stabiifty arid expft^sk^n 
rates wouid becoms mors oon$^^nt and pr^ictabi^ 

so 

Accordingly, ft Is an object of ths? present inventei to eJimmats te above-rioted defioisncies in the prior ait. 

!tis another object of the preeen^ 
that incofporafeslhe positive attributes of reoombfriant gene technobgy but cif^ymvents th© unattractive features 

It is a^u:1her object of the present invention to provide ; a mathod for expressino specific genes present but nofmajiy 
■ s * tFahscriptionalty s^snt in a ceil Sine of choice. 

\i ;s yet a fuhher object oi the present invention to provfds s msthoci for ssfpressina proteins wftscft takes fuiJ ad- 
vantae^ oi complete genomic saqiieneas thai are f^ponsibla for mRi^A accumufeticn and^>r tfanscription 

il is stit: arsoiher object of the pres^a Mention to provide a msShoo 4 of modify tbe exprsss^on Characlsristtcs of 
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■a §ehe Of interest fcy ingartjnnj DNA fgguisl^ gsnoms- o* a stable saii 

iips or cloned microorgartism upstream of . v^h-in, or otherwise primal to the native gsns of interest 

K is sWl a further eharac&fistfcs 
of a gene whi^ Is natural present within fhe : aehdme ■■of a siaote eaiJ fine or cloned microofpoism and at. the same 
tims lnserl character 

ft is yet anoilw object of The present invention to proves a ge^Qme toJrig therein, proximal t o th e coding region 
or axons of a gene of interest, a resu&iory or amplifying se§m@m which doss not fta^mily appsar ih&reat^ 

i t is another object of the ptmmi invention to provide DMA cohsiraefs which can oe usee for accompitsh<ng the 
homeloo^o^^^ 

it is a Turner object of the prassni irsyemson to provide csft fees and miGroargansme whteft indutito ?hs genomes 
In accordance with -the prs&gn! invention. 

Thess and other ofejscia of She p? esenf leyantfon are accomplished oy n^aris :of The techn^us of hoynoiogous 
rscom^afbn. by which on& of ^dinary sktf! in this art csrt cause ih* expression ana, prsfsrabty ampliticaiion or 
ressdenl aibeirtranscnptoaliy jslient ger^ : ,3y $hfe : ^hn^; ^ c^afcd.modJiy; th^;e^^bn. cha^eii$ilcs>o1'- 
5i gens Which is na&raliy preseni. b;if o^tnec^sariEy siient or inert, wiihjn The; genome of 8 stable ceii toe, such -as, 
for exempt*, lo make ihe expression conditional, i.e.., repressive or ihduefeie v or toenhaneeTha rate of express-ion. 

The prasemfhvemion proves a method of rriodifyinrgihs sxpres^^n or^facien^Jies oj a gone wit m '.me genome 
of v eel! iios or mic-corc^antbiT!. A DNA construct is inserted m\Q that; genome by the Technique orhemoioejotj^ recom^ 
b^at^naheecn^^ 

gene to which \\ is operative finked wfthih the hosf caii ttnf> or m^roGrge^fem, as woii as a iargetog socjmenf homoi' 
ooous Jo a region of the g^nooie at v^sch iTis deseed for the QNA mguiator^ segmem lO'be inssrjsd, Theecn^rudi 
and insertion f scheme <s designed to cause the new DhiA repylatory eegment to beoperafcfveiy linked to the gene of 
interest Thus, wiihctri nec&ssahiy snserrircQ any new coding axons, the expression characteristics of thai gen© are 
modified, in the pf&temti emhocirroer:t the gene is one which is norrraiiy transcriptional^ silent or inert wlrhje the host 
eai! fine or mieroorgani&rn and. by means or the DNiA re^ciafory region, which is tar^eJeO directly to the appropdete 
position with respect ?o that c^^e by rr^sfisof h 
of its gene product 

The DfviA construct preferabiy i-icludes targe?io0 seo/riems which, whiJe separated Iro^ C^a Bnoihe? tn the 
construct by ihoss eiemem& fo f>& inserted ir;fo the genome ;> are preferabiy conti^uoys in the native qone- 

l"he construct iurther preferabiy iriciude? at ieasi one mcpressibte seiecr.^bJa marker gene r sucH as the gsr^s pro- 
vising neomycin resistance This marker gene, foeMn^ a prcfTigf^thsr^or, is aiso diSjpoeed betweers the iwotargefirig 
r eglons of the const fuel 

In another e^bodimerU; the cort&Jrucf incsudes sn expressibie ampt^abie §®m in or^sr 10 amplify axpreesion of 
the gene of interest Thi^ ^ens,. (ncfyding a ^arrioter th@f$1or, 3$ a^so disposed between the two targalin^ rs^ons of 
the construct jh sm\& cases the seiectabie marker and the amplifi&Oia msrkisr may be the same. 

Jn a fLfrther embodiment of the present invs-niich, lha ON A coh^ruqi inciudps a negative sesactadie marker gene 
whtch- is not e^pr sssed in oeiis in wh:£h ihe ONA v^s^uc; is property inserted. This negate seiectabte rnafker gens 
is dispose! Oiasirjfs of the two targsiing region? so as *o fee removed vtfhen the COhstfOct is properly corf^ned into the 
gene by horoQiOgoys recomfcir^w. An a*a*-.pi $ of such a nseaiive seiec:aC4ri marker gene is the Herp^E Simplex 
Virus thymidine kinase poncr. 

it\ yk a riiftMr embodimeht, it ts poesibte to hvodffy the e^pr^ssicn characterMies of a specific gene which aiready 
exp^esBSa a prodccl in the ieii tine or microorgaoism of imejest "Fte can he accoroplfshsd by inserfing oy hemobgous 
recomhinaiioh a BHA cons-tract which includes {1} an expressible ampijfishie geri^ whior 1 increases tho ccoy numher 
of this gene of interest whec ths &eil line or microorganism ^ s promoter/ 

enhancer eiemehi ^or oih^r !eetiia>Ofy e^rnerit} wh^ch modifies the expreesioh of the gene oMmsrest such as. for 

ing Iha expression indccibJs. etc The gene expression v^ich is modrfie ^e natwral eKpr«esi^ 0; 

sxprsesion wftish has been c^^ed by previous genets 

g^mic manipiifetleo may have been by cofiyeotionai I0chn^aes or by means of horhoiogoue reeemoinato -ln-^- 
cordancs with the pressm invention, io the iattsr case; the DNA insertiotvwhieh results m tha modifieattoo d^ eKpmsekjn 
eharaetertstics may be accomplieh^ as pah of the sarhegsn^ic results in expression of She gens 

or may be psrfofmed as a scfaseq^eoistap 

The presemjfivemich also incudes the consrojcts prepared in accordance with the sbo^e riiscussion as wMf as 
im genomes which have dash prapsrSy sebjsoted to homologous f^ombinatloo by maans ot sych constructs and ths 
cet! iines and fhicroorganisms including ihe^s ger^mes. Moreover, a process for pi^paration oi the dasffsd product 
by cuitiff ing the transformed cells accior^ing to the present invention is a-so meiuded. 
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F;g ; t shows a general omiins ora construct in sccprdarvce: vy'tiv^e $t$sm mmk>fi. 
fig, 2A shows the mocfe. of Ration olths QUA cm^roi in/toihe Genome i« tfca event of norvhomoiosjbus or 
* random reeombinat ioa. 

Fig 2S shows th^mdue of integration of the DMA eonsimet in the genome in te sv&m of homologous recombi- 
nation. 

Fig, 3 shows m construct ti u pr*fa«<& homoic^ws fecornbfnsto vector m ^o^nce wrth the present 
mvarytion, 

Tig. 4 shows the mods or integrmson of a esrcfjiar piece of DRA by tionx>iogous raec^Qinat ion whan oniy a single 
tafgetmg piece ofDftfAFS employed 

Fig. S shows iha pRSVCAT ptesmio\ induing the restrtoton sit&s msraot, 
Fig S shows the construction ma pfiSV pSasmtf. fncfudins iha ^mcibrj sites irtareof: 
Rg. 7 snows the pSVSNixO pmsrrsld : , inchJdsn$ the friction sites thereoT 
Flo.. 8 shows the c6^rijcto of the pSVNEOBAM pfeamkJi iri^iud^g: ^ if ictkin si m the? eof , 
Rig. & Shows the construction Qftha pRSVWEO ptBsmkt irwluding the -action sites meraoi. 
rio. ^0 shows :h£Con$j^ reason sites thereof. 

Fig.1i shows 5j 15.3kotra5fr!^i o? the ratTSMp gene and showing various resu^tion sagmsni^ Jhsr^of. 
FI3 12 shows the m^uomytf ihs pRSVCATN ; £OT0HSapiasrrvio' t including the restrict sl^^ ihsrea!. 
Ro. 1 3 shows thecD^sifuotion the pRSVC^rN£OTSHB^5Xb,3! ^asmid v rnciuding She restriction r>ites thereof. 
p iS >4 show$ a^ 

tor PCR amplification sorfosponds. ^ons 2 and a am shown frt capita! tetters. A 24? BP ^mptfietf fragment is shown 
by undeitin ed asterisks 

Fig. VS shows the rasufe d po^ryiamida gei eie^fophorQSis ot sDMA ^ynthes^ad from Rf^A axtra^ed trom 
various cell populations and whose TSH^ cDNA, it present, has been amplified % PGR. The nMure Of the ce:is rep- 
resenting to* various lanes is set forth in F% baiow ihe gel. 



50 r^ompiogous reeornbinaiion is a technique developed within the past few years for targeting genes ig induce or 

direct mutations ^ 

This technique of homologous recombination ivas d&vetoped as a m 

specific regiohs of the m^mafe genome (Thcmas et ai. Cali, 44:41 3-4S8; 1« Thomas and Capeceh!, ^e^ SV 
5Q3-5M. ^§87; Qpetschmao et aL. firgg Na^ M$ti T£S8) or to correci spaoifto ovulations wifcin 

Through this techn^ a pieoe or DNA that ons desire to be inserted .-ntoth,e i^ripms c^n fea cirectod » a spasitte 
r^gbn of the gono ^ htarast by attaching it to ^argatins DNA X . 'Tar^toQi Df^A u is DN A that is complsmsfii^ry (Mo- 
mbtogous) to a mgfon erf thsgarsorn^ DNA. !hwo ho^r^o^us pi^as of Single landed ON A <i.e the ta^et^ DNA 
and the ganomie D^A) -am in close proximo they wii! Kybrxtez to torr-n ^ <k>M* stmnded hefe. Ailached to the 
# targeting DNA & tha 0NA ^aquencs that ona dasirag insert into the ^enorrie: 

Thara are a number or rnethoa& wh ich 
of repfeaticn of OHA cursns mitosis in c©|3e 

Through a mechanism m&l is noi cof^Jatel^ un^^toocJ, parantai doubie^rsndfcd DNA is. op^ed imme^ate^ 
p'ffbrfe cs:Ef dMsiprs at a local region cajieo >he repj^atioh .ttu^bia..' The two ssparaiad strands of DNA may now serve 
as tempiaies from which new stfancis of DNA a synthesized. One arm of the repJica-ion forK has the DNA eods irs 
the 5' to :ro l ireetfoa y wta^^ lh© enzyme Df^iA poiyme rasa can "reacT. Thfe 

enzyme attaches to the 5 ! portion of the sihgie .stmrsieJacj-'DNA and using the strand as a tempiaie. be^ns to synthesize 
the comptefTieatary DNJA strand. The other parents! airand ol D^A b encoded- in the S" to 5' diracSion h cannot fc* 
read in- f his dirjiction DMA polymerase. ?cr th is strand of DNAto raplicaJe. a speaa* machanfem must occbr. 

^ A ^©eiatfzad enzyme, RNA primal, artaches itesSf to the 3" to 5' suaod ot DHA and eynthesiz^ a shor* RNA 

primer at infefvais siong . : t*» strand. U^sng these RN A segments as primers, the DMA poiymsr'asa now apaches ;o rha 
primed DNA and aynthesizas a oornpiemenmry |iiaee of WiA in tha 5' to 3 ( direction, Ths&a pieces or newly synthsstzed 
□NA are caikd Oka /^ki f-g^ments The RNA primsrs that ware rasponsibta for starting the entire raaettoh am removed 
oy the exonwiease f unction of the Df^ A paly me rase and repiaosd with DNA. This phenomenon eontiriue^ um. ihe 

^ pdSyrrterass reaches an unpri^sd stratch of DNA. whara the iocal synm^ie process atops. Thus, aithough theOTK 
pSemantatv paranta^y^anriis symhesi^ad^c^ 

the 5' to 3 : director-. A^y nicks that migh- ocoLif in the DNA during th^^ enzyme 
caiiod DMA cigase 



fiN3C>0C:0 .cr^w j > 
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To maintain m absq&m mmy oi the DNA code; a ;proofreadbg f ynctfon is preterit mm m tMA pofymmz. 
jm DNApclyiriar$s&r^if^;pijfn^ £seees- Qf\0NA ; ^.w->v^icb-tp : :$ymhesteS: a. aev^rentf of Ae mentten^ 
afcovie, can be a singie stsand at DMA primed with EN A, or a eompfemeh^rY strand pJ DN A. -Whe*> ms DNA 
poiym©?ase finds mismatched Gompiemeniary pj^gs of DNiA, St can act m m exonucieaea and remove DNA bases 
in a 3' to direction untii it reaches perfect matching again 

Wfth mis background, it is now pqsefeie to under stand the- basis of i^:^hn*qu© ctescribeci herein . Smaii piecee 
oftargs^rjgDMA {3>at are cc?mp!&m^iai^ to a spsoitic raujc^ Of the genome are put h contact with the parental strand 
dunno. the DNA repiicafion process, is is a general property of DNA thai has besn inserted into a ceJi .to hybridize and 




nawjy syrrthssized as a resBii of rrte ^combination As a fssMof the prpr^nsading function, j* is posses far 
?hs r>sw sscfusnee of DNJA so serva as tha template Thus, foe transferred DNA is: incorporated into ths genome 

^ thess^LJsrfC&Of a partteufer cene is known, a piece of DnJA that i^ cornpiementary to a selected region >oi the 
gsr^e can be symnesized oro^enMseonfa^ DNA ar specific rac 

** opnitbn sites binding the ray ion of rarest This place wit! apt a? s toggling dmnce upon insertion- .silo 5h& celi and 
yyif; hybridise to its hdmoiogous region within the genome, ifthia hybridisation occurs during DRA rspiicafion. tnis piece 
of; DNA. and any addfenal 5&C3i>anGe attac^aef thereto, wiii act a?, an Qkgj?aki freemen* and wiil be &ach$*«&jsd into 
the' newty synthesized daughter strand of DNA, 

i n the iB'dfcnique.of ptt&ml invention , attached to these pieces of ^gesmgj DNA s/a regions of DS^A that are 
kn£wn to inters^ 

DNA markers. Tn^ not by transfsction ofpNA that ©ncodas tte 

gsne its&if and marker DfiA , ; sb is rnmi cownon . but rathe? by the ii$e of t^rgetin^ DftAiregiorss of hemobgv wrth the 
endogenous gene of interest) eoupied with ON A mgu&tory segments that provide the garW with reec^nizaoi© senate 
for transcription. With this technology, it is possible to express and to amplify any cognate g&m pra&ent m$ur\ a cei! 

& typa wfthout ?iL.ruafiy ; far-stact^Q \nat gm&. in addition^ ihs expression of this is controitad by m& entire genomfc 
DNA rate tiw: portions ol the Qene Qf the cDN A. thus improving the rate of ^fafmerjptioh and e^iciency of mRMA 
proces&incj: Ftj rth$rrno? ma expression cha.racta:ist<c&of any cognais gene presem wimin a ce^ type can b© modified 
by appfc^iatp;)^^ coding portjpn& ot Ihe gene of 'merest 

in accordance wiih !hs$s aapecis of tbe inslsnt fnventipn ihm- arc provided new meihod§ tor -expressing normaify 

5? transcrimionaify si%!^ eenas ot inte^ expression of endogsnoysiy expressing cenos at interest, 

within a dfriersnriated c^lf Una; The oogrj&te genomic sequences jhat are desired to be expressed, or to have their 
g/cprsssion modified, mil be provided with t> L >e ^ecs&sary ceil specie- PNA seqyertess treguiato^ 
segme^ to dtetor mo^ nana wrihin 5h£j ceiL tha rasoiting l?NA wJlicomprisa the DNAaaquanee 

eodinc for the dssirad protein directty f;nksd in an operaliv" way to hmeroipgous (>or the connate DNA sequence; 

^ regofsfefy and/or anrtp^icaiion &egn>ent$. A posilsva selsttabie markef is optionally inducted the coristrudtton !o 
f aoilstate ths sc^eeni^g otresy tts^ 

marker may be emptoyad NegaiJve saieotabife rrjarke^ may. op!>onaiiy, also be employed, ror instance the Rarpas 
SimpigK y\tm thymidine kinase (HSVtk) gene may ^ ^ed as a marker to seteot arjainsrranobmiy integrated vector 
DUh. The fi/sed DMAs, or ex^ing expressing DNiAs cm p& ampiifisd r! Jhe ^i.T^-ioo DNA »s : =r.^d to an ampijtiabia 
0 marker. 

Trjaratofs. in aocor^rir^ witfi the method of the present in vsnt ion, any cene which is norma !ly expressed when 
present in its specific euksryofe cell iine pafticiiiafSy a diff^r^^ated ceil !ina ; car? forced to ^praesfen in a ceil line 
not specific for it wherein the gane is in a slleDt formas. This oeeois withoul aciyatiy inserting the tu-i DNA seqy^nce 
for tnat gene In addition, that gene; or a nomiaiiy exp.-es^inn gene, can be ampilliad lor enhanced sx-prsssipn rslefi. 
^ Furthercr&re the ^pr^aion onara^leri&lics or gsnes not totaffy t^nacriptionslfy siiem cm oe modiried as can the 
expreasion characteristics of igsnss in microorgahs^ma 

in one embodiment of ih© preset invention, eUKar^otfe oeiJs that eontair^ 
gene of interest are induced to do so by the teenniqy^ ciesorsoed herein. The bomoiooous recomblnaticn vector de- 
scribed b^tow is insariad jnte a cScnal fjaJi ^n& and^foliowing c^mfcai selad proddetiOr! ot a specie 
50 gene product by any app^opnatp means, such, as, tor <s:«ramp^ by detection of mRNA transcribed f rom the newty 
actiyatsd gene; imm<jnolo9ica^ or tunctionai assay tor the spoclfic §ane product; 

The generai cj^line of the QHA construct thaf is used to trans endogenous genes by homoiOr 

gous iedombjnafhDf} is deputed in Rgure i. 

in ^eraf the DMA construct comprises at iesst twoand up to six or mors separate DNA segrnams. The ssgrr ( ents 
■s* consist of at feast one. prelerabiy two, DNA iargeting ssgmants (A and B) homalqgoiis to a region of the cei; genome 
within or proximal to tfis gene desired to be expressed, a positive aaiection gene ari ampiffiabia gsns (D) a negative 
selection cjsne {£) and a DMA resuiatory ssgment (F) which \a t/anssriptionaity activa rn the ceife be imnsfectad in 
the rrjo&t basic embodirasni of the present invent-on, only a esngla targattno eegniarii (B) and ti^e raguiatory ssgment 
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(Fj fRttsi b§ present M of tba other regions are optional and producs premff^ GOHSlfycis. 

Regions A andBare J><Aseq uenc&s whieh^^^ormiogpus {p f^m&M^^b^timz .ganaoi ime/ast ^hicb 
te to be mads transcriptionally aetw&,Tft& sps-eific regions A and of iha andogenou:? gana am selected so as *© be 
upmrmm arsci downstream , respeotivsly, of \h& spaclftc position ax which if is desireo tor the rectory aBgmant to be 
inserted AitnciJgft these regions are separated in the aanstmatthey are preferably conti§ua^s in Shs endogenous 
gana; Thews may oe occasions whans non-contiguous portions of the genome are utifed as targeting segments, for 
example, where it is desired to delate a ponion ol the g£noraa v suen as a nsCjative regdiatary element 

Whsla two tsfaanng regions, A and B are prafarfed In order ta ir^resss lofai regions of foomcsJesy antf fhus 
increase recombination efficiency: the process of tha presaa* only a a^ngte 

™ iargatiriEj region. *n-te simplest term .{wftan only the raguteiOfy tegrnent F arid the selectable marker gene C and 
promoter are to be insetted), a circular place of DNA is emptoyad which contains mass laments along w$h rr>a 
is; ymirig SNA {sea Rgam 4}. samis way tha hqntoSogGija regtcn iB) nyorid&es w^m iss Qaaomfeeayriiafpari, Sac-menis 
0', C arid F are inserted wrthrn the 8 portion of theeoortata djene Stowing the crossover event. 

Whan it desif^ lortae DNAragaiaJory sequencefo ba fasertsd ap^ir^maf me gane of inter ast as§; tor exampfa. 
f$ waen lUs dssirao'toscfivaia and express a tomaliy iraascriprioaaiiy siiarii g^na: the: ration of framosee.y is prsterabiy 
hon^ocic-us to a non-coding portion ottha genome upstream at the coding pagans of the gene of IhSer&st Wnen two 
tarcsatinc r&n&ns are present, the downstream region -;A} may intfude a penic- of tne cooing region, aitnouen .-if/, is 
#feteffsri that ft, too, 'fee totally upstream of ;Jhe. coding region it is further preferred -hat the roriologous momns be 
chosen such -hat ffts DfvA regulatory seouene* will be: inserted dovmstream of the native p?omoier tof tne gone of 
^ inrerefit, pai-ijcyfarSy if the naiive promofer is a negato promoter raJhef \hm a iumsti-ofv posit^va promoter. 

The sJie of the targos-np regions : i.s;, tha regions of 1 ismobgy; ss not crhicat a^oiigh tha snoflar ihs reasons me 
•tsss iikaiy thai taay wiii 'fmd-tha' approprraie *eg»ofis of hornofogy: and racornbine ai tha desired spot. Thus, the sno.ner 
the ra^ionr* oi hormlogy v ms Isss efftciant is th© homologous raeornbinstton. :.a . tha smaller 'tha pa rcantage of ^uc- 
aaasfeliy rscomained obnas H nas feean siigggsiad that tha rrcirjimum iequiranwii tor saquano^ homoiogy is> 2S base 
^ pairs ^yams at ai, PNA^, USA. B3:51S^52Q3, 1<?8g). Fijrshsrmoia, ir^ny d iha omer aiements oi iha construct aro 
aiso sound tn me %°mm& of tha h^o^li. there a possitfeSfty of raeombinat ion at the /wrong piaee. Howov^; <n vt*isv 
of tha atesllent positive and negative salaotabjfity of peasant inventor: . it car; be successful pmctscsd even it ttio- 
affjoianuy is iow The optir n urr - . rasuits are ashi^yad vi^tan tt^a total rocson of ^ harnolpg^ inoiyding both tafgeting mglons , 
is iargs, for exampfe on& to >hree kflobasas. As iong as tha laguiatabia ^gmaht F can t?s oparaljvely sinHaci m Jhs 
3& gen& ot intsrest iH^re is no Jimit to the of the tar^rino; rftnion. and particularly the upstfa-arn tafgatiaa r^qion B. 

Stosfiaasfly ba arripirioa^fy deterTrt^dwhetha^c-rnottheJargetin^^^ rsgu!atabi.a^9iTtsnt 
F spaced too far trorn tna oodifng ration of me aana to be- operaiistely ifnked thareto irs such a case, the regions A and 
B can ba ma^a homaidsous to a differani section of the gene of inter ssf and Jh^ process repeat ad ^ until .the r^matabie 
sogmeint F is property irtsoit^ ao as to be oparaiivaiy Einksd to iris gena ot interest For exBt^pla. th$ r^tnstion sKa 
of aofflbinsd ra^n A-B of tha andogano^s 9sr«s^^c^ 

pfasani inventfon is fcriown, aiong with tha taehntqms disclosed harain ; ons a: ordinary skiil in this an wc?y)d be able 
to make and use the prase^t in^eotion vwlth raspsct to ar\y gtvan gane of Msrest in any ceil Isns at mioroo;ganrsrn 
wimotit Lisa of sjr^ua axpa>1rriantation 

Rsgion G :s a possvva satactafe'le marker gana which is espsfeia ot Tmdarina the iranstactsd caii Sins resfstant to 
a normal jy tax ic anv tronrnant E xampias o!f mch gan es ars adanosi na daafninase (ADA;-, amifiogly cm Ida pf-oapna- 
transfarase (neoi ^hydrotolata r^dyctasa (DH FR^ hyvVornyc!n-S-"pno=.pfio^»r.sfarase (HPH). thymidine xmm& (tk). 
santhhe^Ltsriiria phosphoribpsyttfan^m^a tgpt? tnuitspie dmg rssis^nca gene a^DR}, ornimina ciaoarbpxytesa 
{000} mvi N u (pho&phonaGaty !>L-aspartBta restst-ance (CAD). 

In addition \o positive sslactabie rrsarker gene;, an ampliriable gana is also optionairy inpjuded in tha nonsnuct 
^ si region D. Arripiitiscfe ganaa ara ganas thai iaad to an increase in copy nurnibar #an y:nd©r saiect^e praasur^/ Tha 
copy numbar of a gene poaitibned adi^cent to the arnpiifiabie gene vviti also inoraase, ArnpS^abie genes can ba 
utited inaiada QHFR. MDR GDC, ADA and CAD. i"ne msmfers of tha positive seEaoktbte rr^rfeer gans group and 
those of the ampil^abia gana gr&up ovarlap so that : in inacry, Inataac? ot using two ganas, ons for positive sefeion 
and ona for ampiifeation. one ^ana cdiiid ba used ^orbotri purposas, However, sinca most celiiinas contain endogenous 
& copies at these arnp^ifiabte genasv calis witi already be some^ai resistant lo tne aaiaotion sonditiorifi and diafc 
guishinig the celie which n^ve fr^sfactad DNA f rom thoas whieh do not recssva iransf eCiecS DMA can bs dif^cuif. Thus, 
in instancas v^are an ampi^bla nana is^sirad, a positive ssteotio^ gane which ^ domjnanl such as HPH, gpt, nao 
and tk (in tK-caite;. should aiso fee inoiuded in tha odn^tFuct. For edme applKatfons it may be pcasibte or prafarabfe to 
am the. smpilfiabie msrker. For Instancev thegene of. interest may not need to ba ampJifiad as, tdr^xamp^, when 
55 t^nscriptionat activation t?y me jhste to loaou s DN A regulatory saquance js suffcian; A^houi arrtpliflcs^ion. Att-o. tha 
hGmotogot?& fecombrnatron aftietency is vary :iow : if may be necessary to leave out t>i<5 ampit*"iabls sane ainaa the ratio 
of non-hOTdiopjooe DNA to homologous DNA ia diracfiy fejated ih& homoloc^os recombination ciiiciaacy fL^tsou, 
? 17:759-770, it is aiso possible SO ^irrwnam the o«Hs soiely by 
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•h. : ^f^*f^«^ : fe*^*8«M SBte^bte morgan*. Sui* a gens is r,tf exomsmi in csils in whrh 
SS^SS -S^lw^ " ^ C * ! " le ? f3! ' M ' ******** *** H**** Sm,** V^**mk*n* 



. x .... . wuay^; i see*- \j»?psce™ uses a strawjav-wfticiYtsJrgft 



^|^vacto^ 

^ DNA in^raiea either by h<^oto 9 ^ r^m&fnat^ or random tetegrmten-. wfe survfcfe ^ of s*!e-w< 
The ^*ta£t«M*f»:» c3r^;$. yC h ^^hcycb^ m& jj* * the seife that oo^^ the HSVtk 

hS,^ ^ of tbj In wtiich 1he : ^ aS r^ ^ random ^rik^ ^« ^: VtH ocne 
M ®t dy in which me vector ini^mt^ ttf.KMfa^ reczrrmztm nav* to* the mm, 

gme ands^rve, This fc t^ airman of most of ih* ceiis which contain m ndomiy integrated DMA hm^m 
m^pny of - we sufyhrfns - am* p*:^ v*a homoiogcus recomb^tbh This gr^iy 

KSemfeftonof the correct rscomtjiriaJbjvevs^ .«TO. yM u« w .» 

The -negativ* seieciipn sisp can &iso be eliminated if mwssmw m require ^:^e f wig, 8 t«, te -r W3 

s he sncth r^fon fjr) contains Jhe DN A regulatory ^sgme^t itaat wi if be useti : to mens the gene ot interest irissori 
easily active,. ,ne mropmis Om ^gylator^^ UKed 

us sd is; one which isknown to ptomot^ sxpressbn oi B given gene in ^^t^ 
: CJ: For **^ pt *> * me hosi^.fine cons^ ot pituitery ceite which nmy-a!!y express pr^ns such ^ arowth 
hantane ano prolactin, the prefer 5or either of these genes can oe used as DMA requiator* eteroent P When *Wtod 
« accordance wtfh the pn*sem invention the reauistc-ry seement m operative!? linked to the nom^Hy tran«c*>- 
ftfttelfy ate* gene of interest and wai striate the to^nptbn- snd/or; expression of qcme in the host c^i lin- 
Afco -.Msaoa are promscuous DNA regulatory stents M ^ r k across cs II types . soch me ro^ s&corta Virys 
( HSV; pfc^Grier. As iong as the r^u istoy segmen? Mimi^^es tran^cnni^ and/or ^pres&fon, or csn hduced to 
s^rny^te transcription ar>d/or ex$?f ^ssk>n o; gsne ot inters? af^r bainq inserted inic h^t ce« tine so ^ Ne 
operate J^ked to the Qene of imrm by m^ns o? the pre^m invention, ft can m used ^ m« preset hvemiorT ft 
•|Sl,8^P0ff^l when P! nfng the mguiatory s^ment F to the targeting $egrrient A that no starting cocfejn be scc'dentaiiv 

such an occiirrence could ater the readinp <rame ot the cene wr^ich is des.r^ b 
be expressed Of w^e, the ocmtxmt must consi^cied and inserted ^ch mat the mg^atory sequent F k opet - 
atjveiy knKec b the gene atints^st. ■ ^ F 

The DfiA r^uiatory segm^. region E need not be present in ins^ncss wham it is vemm to ^nhan-e or wi&m 
the^nscr f^on cf a ejene wh^h is already ^pr^sing in the eaSi of interest, either became it r^turailv express*' 
in S>at ceis i^-or bec^se me ceil ?ine hss previc^y had its DN A mahipulmftd io aaase -such sxDression in .uch 
Ranees, .-mwtton of an ampiifeble 9 ene ? repion D. preferably w»h tte po^,ve seiectafcie marker reabn C 
and^teiiy^w^a^ 

thft.gerjfr o, ^terest and mus enhance t^ ov^raH arnount of transcript rsquiaiow -$eom«nt- 

r °^V* nr>$r ^! Sy pro ™ lif ^ ^ ^aased (or otherwise modified) rate of transcripMon as co^smd to the exi^nc 
re^atory regsmTonh^gene of^eres^ rr^ 

ISnL^^ S " Ch S ' ''*** te,Wy S6 ^ em C ^- d — de P-^o^ers or snhance- >vh:ch fmprovs ^^cript^ 

Region CV 0' and are promoier regions wnich are used to drwe the in regions Q D a^d .£ respectM&Jy 
rhsee promoters m transoripti^Jiy active in the celi 3me chosen and may be the ^^ diSfir^ the prorr^er 
in r^ion F used to d^ th^ sndoGenocs gsn^ df interesL The specific directs Qt ^nsc^ion soecifigd ;n Re 1 is 
not critfcal These of Ofdmary m in tNs art pan- ^tsrrriine any Sppropnate p!aGemeni of ?ha gmss C D ahd I and 
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tnei r promotes CY0 r and n v such that ins promoters wiii Simulate sxprsssiGr- or their associatad genes without simoi- 
fciosousiy disrupting/in any way the expression: -of fee ger>& orini©?«3gi any of ihs oth«r ^n<^ eonsimct 
Tha pmssht invention may tie fe-tratsd by reference io tfcs sstivatiorf cjf ih& raitoyr^-QOin bete subitnit (TSHgJ 
GK, (ATCCCCL32). QKj (ATGG GCL 82,1 J or GH 4 Cf c&ii Sines, (SH) OH ceS \m$ are d^ri vadium a radiation 
I pituitary lymor hvrats designated MtTArV'5 fl^ksmQto. 1362) and sdgptec* to grow ;n 

gujtur^ t960. T^ss c^I ijnss may be s^fenad and screened fetheir 

ability io product gm» hormone arid TSH0. Such screening h^y praterahiy b&: by moans of Northern bfei analysis 
to determine whetncr mRNA for trig rat growth -'ftoffitijirts §ene is present and io k$i£m$b that there Is no mBHA far 
toe TSH^ gsna o*y\Q product The ce$: lines may a&o be screened by Sou-hern analysis io determine that Jn*ro & 
at least one copy e? ths TSH6 gene present within the genome. DrvSy the QH oaiS Knee that produce provym hormone 
and not TSHfr but contain a copy of the 7SH$ gsne. srs usee" 

Thaspeoifieh be deigned ihthefo! lowing manner (Figure 

S). Region A may consist o? tha 5' upstream untranslated region of the TSHjS gene defined by the Hindiinr^msnt 
wtach stretches from -74 to ~£785 and region B raay ec^taih te Mine?)) 
site Jo aNcol sfe approximately 2 1 Kb farther ifpsiraam as Scribed Canv&t at (J S- ; ol Gham. t gsa-a^-dS?, T987) 
^dGroyJe et a{(D|«A, S;2SS-3£4J«) tfcsposi^ 

derived from the ptesmid pSVSneo WOO No; 37, T49) (Southern et aS. J Mo i . Aspi, Gen , 1:327-343, 19S£), The neo 
gene may fee driverrby tft* Rous Sarcoma Virus (RSV) promoter (ragton C'} ^ich dsr;\/&3 from the Ndsl-Mindiii 
fragment from the pissmid pBSVcst fATGC No 3?' ; 552} iteomw, st EB&§> 7S;S777-678t 1GS£). in this example^ 
no aropfebie marker need be used and thus mare rssod be? region D in order to optimize the efficiency o? the 
homofogous fscombmaisonL Th* efficiency is iav^sty stated to iha proportion of non-homotogous to homologous 
sequence present in the construct (tetsou et aj, Genetics, 1 1 7 759-770 : Region or the negate seie^cn 

gsrje.maydons^of^heHSVtkgen&w^ ^^piasmdp^CJTKpiasrnfci fCiipeo> 

chs atai Nsttsrg v 3aS;^48-3SE. 1 9SS); The HSVife gene in tihar f;onstfuo:. imay be driven by the ;poiyorna virus promoter 
and enhancer Jr&gfon e'j as eonstructed by Tho^a alar ^ggil. 51 SQ3-512. im?) In a second DNA construct the 
polyoma promoter may be replaced by the . RSV promoter describee* aoove The DfsiA raguiatory seo ( oencs uzati to 
activate the TSHp §&ne maybe either HSVpromplarofiheratgrQ^ 

promoter con&ists of the SrScl^coRi fragma^t ob^aihad -^om me ptesmid priGH2370Ar (Larson el ai r PNAS, SS: 
S283-S237, 1 The RSV promoter has the advance ol i)8ine i;sai)!« fn other caii imes ^^tdas GtH oafi, iie 
the OH promoter is known to be activs sn GH cefis sad can be speoificaiiy induced (Swt et al J. B;oi. Chem., 264; 
17S-ia2. 5 Th© rat gro^ hormone promoter and the RSV promo^r may be inserted 3t teftion F in separate 
construct 

Following tmnst ecvion of ihe above ponetruot Into a GH cat! line, the ce-fs may be §rovv^ h madia thai contains 
G41S. This wili^ow ooly those cells; which have integrated piasmid Dm into the genome siihsr by homoio^o^ 
^combination or randoi^ ihte^miioh to o/ow. The survivintj csiis may be grown M media that doniains gancyefovir. 
The majority of the cells that survws this round of §ei&ction wiil be those sn wrv-ch the vector piasmjd SNA i intecrated 
v?^ hom^iogous rePombfrwJion. These ceiia may be screened io demonstrate : ihat. thsy ara producing mR^A^hich 
corresponds to the gan^and ttsm they are producing the TSH^ prntain; The genomic PH A may also be sequenced 
tiroynd the ares of insertion oi tr^s heterologous promoter to insure that tne proper racomb-inai im event oeccrred 

gXA^Fu^i - Actt vat ion of TSHgjSene. jn_ B a^gituttary^eii& 



■4S 



Using the fotbwing pratcool, thyrotropin beta sabpnsi (TSH^ c^n<i iransc? iptic.ru which normally does not occur in 
the mt 3H a pitufeiry cef! line, was seated in -hosa csiis -by using; pfdeees ot homologous recombinatbn to iargesi 
an activating: aiement upstream of the T$H£ oading region. The Rous Ssreoma Virus fRSVVpiomotef is known to 
functic^s^iciQntiyinGHgc^ie 



7329 asss)} and theraiora was chosen as activating eiement. A piasmid yedof 
was cor?^™dedwhichoontairied$h& BSV activating eiement, poreone of ^a Sr^an^^ 

and a seiectabia dm^ mafk^ amindgiycoeidfi p^aphotmnaMase : ^ehe f^EO), for ths laoiaiidn o^ transfected csil 
populations, Ribonucleic acid f Rtsi A) was extracted trom pooied drtj$ ra^lstaht GH 5 coif populations and convened to 
oompiamantary deoxyri bo« up ie acid {cD N A) , The cDr^A was then ser£shed by the tacbh^ue of poiymsrase chain 



raaetion (PCR) to» tfie presenco oftSWp cOKA 7\m oo^uction of the homologous recombination vactors and the 
controJ vectors is outiirsed beiow aiong v^th the expanmantal procedures and m^ofts; 



¥ FLASMiD CDNSTBUCT1QN j^rr^gr^ 

"Wie Rous Sarcoma Virus THSV) proMsr was derived from the piasmid pRSVG AT (Cornelia Gorman at a]., 
BsS^jrj5^fi^Q:Hatio 70; 6777^781 {1 S32)5 ^gore 5} by Isofatin^ the SBO b^sa pair (bp) 
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um - Hfhdl I jfflgnwrit containing in 8 f urs «i 0f3S ! ptomowr unit. The **fc of thfe fragm** ***btimt*J using ONA 
p^ynwasa , Kten^r fragment and X&b! Unto ligatsd toSnsbium »ds, Aftsr ciigfefibn with Xba! ««rte!ion ami**. 

photranste*** S9M was signed frarn pSWNSO (P.J. teutNm « aCjaumrt^^a^^J^ 

tfysBamHi 




and des- 

...... , 4323 bp fragro^ 

me** reg^ of ths NEO g^e « pUCl 8 was i*®m-fy gei emm*omx The Smai sndsofmis 

iragmem were Xho: ktescJ.cte^ with Xhci rasiricta en*yme and the placid rectofe^eci b V ^atiw The 




Hetfths Kdal ^ located 5'^^^ ^ : This was 

acopmp^ by dating pRSVG^F with Nctel. pog ;n the ends using PNA polymerase ! fcjfcnow fragment and 



_ — — «vvv, vy |A*,yir!»:as« main reac^n (run; to determine Whether the 

^ gene was being transcribed PCR resets snowed that the CAT §ene was indeed being Ascribed in the ©41* 
res^tant cote&$ ^siftd (dats net shGwr,), ^^^^ 

if^fiscMplim or a gene feted to it This is import^* taayse this RSV pro^ofer wl?! be responsible ?or ^ving 
If&nsoripta of the TSKp gen* *tfien the TSHfi BR vector described be*ow integrates r^ofoqous racorntefnatinn 
irrto ?ns GHj genome. " " 

TSHB HP: Vscio? 



A vector sapabte ^ irstecratir^ -nio the GH a genome by hemdogav® recombMion was created by ^aertoq twp 
stmfchas or the tok?og regions ths thyrotroph beta subuM (TSH^ gene rhs un=qu & S^! H^ii^es 

closed into lambda DASH ^ obtained Irom mm%m^ Ban OA Vmg etan^rd pp^oco\siCvr^ PfQtqcois 

seq^ncs 5- ot m tm ^m was tsciated. The 15.3 kb fragment ^s^ed! two xbai fragr^^ts. a to e kb irngtmrnl 
cwr&^omng te ^^ ^ tragment and a 4 7 pisce ^ !h&15 3kb 

ksgrr^ ff^ur5 i1). BGm of t^e^^ plasmas Staining inserts in b6th 

onemaJ^s w«re ;goiat^ T^g 2.3 kb Xbsi ^ K;ndll? tfagm^nt oontainsd; -in. the 4.7' kfo Xbai trsgmertt (^gure ri) wa^ 
PMntied afid m& X&s! site or t^ Hi^dl)} site by fiiiing in the with K!snow t^m^ 

arid iigstibg on Hindlil inkers. ThBtragmsnt : wse Hg^ed into the unique HhdHi site cxjnlasned ir> pRSVC AmeQ ^igurs 
10). j^n isoteie carfespOndsng to a piasmicf wttn ihe 2 3 Kb hsert in the CQfrea-crim^ian shewn in fiay^a 12 
assigried .th» warns pRSVCATf^EOTS HBS. 

The ^ubc^n^ t06 kb Xbai; mgmmi irom the t»*:TS Hp ckone {f igure 11} was toatscJ end the Xbat erKfe converted 
to-SsH sites by blum endmg tne f ragment with « A pojymera&s i Kienovv fragm^ and sttaening Sa^l imkm Th is 10 6 
kb Set! ^g^ant was t^en eto^ed into ?h« mi site of p ftS VC ATMEOTSH B$ (f m % 12).A P iasnvfi contfijn^g the ^ert 
m the fcorrspt Qrienist!^ ^um 13), Tns fester ptesrn^ na* 

b^en deposited ir fiie Amerban Typa CwHurs .^ofiartion; Rockviiie, MD> and has received dQi3osit<>ry number ATCC 

Fw:mapyi!pQi^fl*;th^ This deposit was mads i -««oordsnc» w«th 

all of the reoujrfirrjf^ts of the Budapest Treaty. 

GELLUfsiE 

(B,K T^ke^^ ^d«^ifM. (19S2)) and adapted^ growth in cuftu^ by ^ Tasrijian m m^ E^c^M^ 
$2:m-3§2 ami The GH 3 :ete irare obtained ?rom tbe AmeHcsf; Type Cuito Cotieetion eei! banked ,Wma*v 
min&rJ in c^re by growth in Dylbscco^ Modff!e^ Eagte's mm* 0mU) f 15% h^r^ ^ryrn (HS) -2 5% fat^r 
bovine seryifi (P8S) 4 1% L'gtutamine (DH S mec<ia) at 37^0 in 5% 0O 5 .. 
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LajO^Ssala Preparation of Figsmig DNA 




ppffiocdis in Mo ^ujarS^k^iV. vol. t- pp,» 1,7.5 > 1.7. 7 * 




nai and AgftJ can da se&n in figures 10 add 13 ^spaeti^ restriction 

washed onoy 
son of 1 
efticiency 




**** ^ zte&tom&a D&A Hmm porifeei -p$ using an isfytip rriin^oiumrv&W^hor artd Sohusin with -the 
manu^iurs^s ^cosTtfrse^ded standard proton i The DNA ^ slutsd i rom -the qofen, sinanoi precipitated, washad 
with 70% alhano: mti msuspenOed to a conc&nfrMion of. 1 jig^i. 

^ STA8US transfectsons 

Cal ciiimPhogghatg Tra^ste Gtion 

hours prior to transfacibrt 3* lO^GH-ceite wem pMsri ori m estttioi^ricmj disbas For aacn diah, tO ug of 
3o vector PNA afe^g wife SO jig of sonicaied sai^en sp&rm DNA was aoded to O S miMiift$rs ortraafectiQivbufc 
Thot^:fet^ G Kci, 0.0$g>^HPO 4l . 0.5g d»o^ , 2,5g HEI^ES 

arid dH 2 Q !o a f>r>a: voiuroa o; 5GQ ?rtl and brings tne pH to 7.5. 31 ui of 2 mo% ^M) CaGig was acdsd to the 6;S mi 
of DNA + tfansiactbn b^er votf^ad. Tftis solution was atowad to stand at room temperature for 45 minutes. 
VVh$n th<3 D ^A v CaC L> ^ transection buffer was rasoV, lbs GtH^ modern was removed Iram tha GH 3 eaifs and the DNA 
35 - CaCL ••• transit sertorv butter: was teyar&d over the eelik Ths ^Hs; wars aitowed ic stand at room temperature for £Q: 
fn:rKj ' i&s A - fe! '20 minutes , S mi of GH 3 medium was added and tno plates war* Abated .at 37*C for S houm. Tfts 
<M»*:-*irsre. .tten shocked as^rstt%. of? the medium antf adding 5 mi at fresh tfflfldfcttim buffer tontesning 15% 
glycerol tor 35 mtees. The ce-iis were rinsed 2* with P3<; and fad wfch 10 mi ofSH s medium 48 toum posRrans* 
faction the medium was removed and TD m> o? GH, mad^um containing 400 aa/mi G^1B wat addad 

Eteciroooration 

E^ctroporati^v was carried out using a BTX300 Trans^ciCf w«h- 3 5 . jmjiiifnstsr ■(mftv) gap eteetrod&s. 1 x 10 ? GH 3 
ceslfe. sowing in log phs^a wera rsmovad from platas by trypsinizatio-t, peiteled by cs?v.r:fsj^^ ©nd w^hed 
^ wif; 3 with PSS, Coi)s were resiispartded 1,0 mi pi PBS and tr^srr^ to 2 9 ml ij}?ra-UV disposable cuvattas 
s Arr.-3rjoan Scn-mtific Precis on ;r;a. ^' O^^ofPN A^vvas:J^de dtQ-tihe' .petjlb: mix@d: and placec tiac:k bo ioa fbr 5;mirjiii^s^ 
After 6 rnihut^ ttia dfeetrbcies were placed irs rhs chamber and the cafe warn a^ctroporatad at a getting Of 7$0 m- 
cfoferads with a 200 voft puiaa; The nuvsne was thsr^ relumed to tes for iCmsnutas, cm ttansfenad from *he 
cu^ife to 9 ms GH 5 maoism contalnlr^ 1 % 0&nisHlfn and 1 % strepicsmyeirs ^ room temparatu^ in s 1 5 mi ccnicai 
tuba and ailo^d tr> stand for 10 mmift^.. Tholotai ata^roporatior; of 3 x 1G ? eelis m^ im^m to mr^fe 10 cm 
piaim giving appraxirasfaly S x lO^oaife psr pJate. Attar 48 hours, m -3H.- 3 madium ^Dntainina 400 .^y^l g^12 vis 
addad ' 

pRS V<3 AT N£:OTS HB3- oXoeii (Aatli cut).. pHSVGATWEOT§HB3-oX^i (Aoai cut] and pRSVCATKEO (Apai culj 
piasmids w&r© tram?JsGted into :G% cs;!s along wim a no DMA cr^irol us^ng ;^om iho casein 
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the efsctroporaticn proioqoi 46 hpuw aftferitr^ecUon; ft$ : c$fe : *0fe jnihrttef G41S seiecto. App!^mal*fy. 14 to 

»tercwewnovwibfe.^ wwsanc* of a plasmid 

containmg Km RSV - NSDregion was Recassary to coai&r resides At lhk fime cdbnies were picked and 
PQBfed by KOla&ng regions on the 10 em dish with 1 7 miliimeisT wide -rfc^Th&e iarce elonlng rings encorrv 

passes between 10 ..are* 70 sonnies depending on the density of ths aoionias per ptate and aitewed tfta OH, cs% in 
trisat plated re^on id be rtfttofed and posted -at inesame ita fey tryps^ion. Tto i$pafr»2sd colonies in each ring 
wars .-uanfifaprad a? 8 we(; plates and aJtowed to grow irs <3M S media containing &41S Att^r maathg 70% to 80% 
co^usoce, W cejls ware transferr^ to a 34 mtt p^a and irte remaining ceils cryeprassrved far further ^stinq 
at a later dais The -cftife in ths 24 m*fmi*.^-&6m urM iney i eaehad S0% to 80% c&rtuehcfi To^i BSfA wae 
•mpn -barastod from Jhese SH 0 cefls by the fnltewtng proceeds 

RNA JSOiATiO^ FROM TRANlSP^CTED GH $ G£1LS GRGW^i lN 24 WEll: £Ut£S 

Theioiiowing ha modfMkn #tfie Jttoi^ Satch;, Anai Sioch^j ... •? 62:156-153 

{ 1:987}, ■* to madia cos/anng the G H a eeJis in the 24 we!! plates was ramovedf and the ca lb Sri ad with I nil of PBS 
i mi 61 are soiutton waa a^ad and the cafe warn incubated at room i^mpwrnm-Utf $m&M&. GIG sdmion wa* 

per 

iysais wa$ iransfarfod 16 a 

3^edt65 ; bT^ *ach tuba v^saddet! 300 jjf of m &cmmsr^&z 




by 

and ptactsd cn tee for 1 5 minutes . The tubas warn than cemrifuoed in a Sonmr RG-SB using » $m<l rotor 
revolutions psr mmm ;CRPM} for .20 minutes at 4 B G The aqueous ph&sa was transferred te a fresh &3rBt8^ tyfoe 
confeFnsng 3 ml of i^propsrjo} srfrf pJ^jeee at -2^0 far 1 tor. After T hour ihe tykes were *p«n in a Sorval RC-5B 
using a SM24 rotor at 8000 rpw for 20 :m^^^A a ^/Tm^^r^mm Wars remold and th© pesiets resuspsnd&d 
in 500 u! or QTG solution The resuspsn dm frjVA. was uansfened to a 1.5 mi appended tubs !o wriien 5Q0 jlU of is>> 
propane* was added; The tubes were Once a<!3ia piaeed at -20°C: for I how. Trw eppenctort tubes wsre spun for 5 
minutes in a m^rp%s and the super^afarii di$ceided. The p#;!at wbs washed with 7D% s^anoi g.iim&s and s!k>wecf 
io dry until athanoi had ci^p^taiveva^ratc^. Tha pe:let was reau^nc^d in S0-^\ &t diirthyJ pvrocarboaate {depe} 
treated water and heated lo S5 tt G Jor $ minutes. This RN A was then used Jo make cD^A .^e of the two procsdijr»s 
daschbed bafow. 



eDN A; REACTIONS 



Method i 



Fim strand oONA was synthesized trcm 2 5-8 0 m^o:>1em rr-r Eots! F^NiA iapproximaieJy microhms) in a 
raactbr^ vo!ume of 10-20 microiifers. The l(M RiNA W&e obtained by tha axtraciion mathdd descr&ed above, and was 
dsr^mred lor 5- ?0 minutes at 7G°C and qtficK chiliad on Ice betore adding the reficrjon fidtrspohents The reaction 
Cdfi^tions were SG miliimoiaf {mM^ Trk-HCi (pH >0 ^gGig, lQmM?jrr. O S m!V5 c-ach of dGTP, ^ATR tiGTF 
and dTTp {Pharmacia}, 40 mM KGi, 500 unit^mt RNasin (Promaga Bioiech} 85 Ag/mi o:igc<dT;i 12 . f>1( {CGliaoorativs 
Rasear^K tne ); aad I ^OOO-ao.OOO unHs/mt ^loney murjne leukemia vims revsr&a transcriptase ^ (Baihesd& Research 
L^boratoriea) incubated arS7^G for€0 minmss, The raaciion was ;ermr.ated by the add-on of FDTA ?o 40 mM, and 
the dtiGlesC aoid w&$ praeipiiatsd by adding rsodsum acetsie a concentration ol ^ 3 M and two voiumes of stbanoi 
Th:e predaitais was aJJowed td form at 0*C lor 30 minuter and was peiieted Ssy cent^ugrJiion in a m txcAtjgz af 14.000 
rpm Jor !Nrty xmuKa. The pei lot was washed with 70% ^harioi> dried, and reauspendsd in d©pc trsated water to a 
voiume ol 15-^5 microiit<a! S. 

f^ethed2 

Conditions tor tirsi strand evnlhasis, 6J eDNA tfom RNA were adapted ff orn Caroi A. Brenaar ai ; ^oTechn^ues^ 
Vot 7. No, 10, pp. 1095- 11 OS tl9S9>, 1 ^ Oi total RNA f rpm th$ RISI A prap procedure described afeowa wS *3eoMo 

S . M!otr ^ tonb0 ^ fin&G5 Lir^sofJVioioneymdnneieukemk 
virus reverse tranecnpm&(MMLVRT Bethesda Basesar<:ri Labs}, and a rinai corjGemrat^ ot tha toJ^ 
70 Tr?s.H0! pH a:Sr40 ^ 1 mM of each dNTP, 4 rnM MgCig, and Q.4S OD^ 0 y nrts oi 

random hexamars {Phsrmacta}, After mfehg: : the tubes were inctotod: at r^m famparat urs for "to minutes end then 
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: pfeCT^af42^C'|bf-iftta*r. Afteriterthe h<JSt&d'te'SCi B Cf6r i minute to d^iw^»&;|6^^^W-H?sr» 

cooled to room ternpei-atLire 

^Qi^MERASB CHA!^ REACTION {PGR} AMPtiF 1C ATiOH GF .RNjS FROM OH* CELLS 

The foliOwihQ primes tigf e. used to amplify, by PCS, TSH^; oDHA sleeked im* RNA tracer ipts produced by 
ti^e GH3 cells as a result of the Hft^las , m8^-^v^irJ3-:ii>!> snd©§emws ;f S^;gafi«i -ty-feomBtaSQUS :f fimmbir^t^. ' 




Figure 14 sums iheregsens or this i'SHj* gene to vvhfch each p* imsf corresponds 
PCR REACTION CONDITIONS 

AJLPCR ?e3£*i6ri& v^r© performed in the £rieornp T*ir>bisck therrnocycier. !f PCR aro^bafe w»& to i>e run on 
M cDNArrade by nrtethod £, 40 ui ^ additions! reaction mix was dirsclly :addted to the 10 pj oUh& cDNA raactorr cringing 
the total voL'ms up re BO pi The tinai concentrations ctf reagents b the 50 were 70 mM Ths HCipM #8, 40 rrj M KCl 
0 T% Triton X* £25 units Taq pclynwaae (Pharmacia), Q 2 rnicromolsi aacH pnmgr, 2.W each dNTP 

if PGR wae io hs perforrnsicJor! cOJsiA made by memod 1 above, 5 to lOuidf me resuspeno'ed cDNA was added 
£5 4ft 45 pi co^ the foi tawing 7fr mM Tris.HS! pH£.8 ; 40 rr>M KG!. 0 1% Triton X-10C\ 

3 25 units 1^: polymerase, ^ MaC\>. 
The raaoiioffi were then sofciecterj to Ihs foitewico PCR cycles 

50 30 mzmcte eft '65*G.. 

2 h^uteMt 72° G. 

The above cycle was repeated 30~to 40 times. 10 pi of each reactions <*a$ f^rs an $ 6% potyacr^iamide gal and 
careened for the pressniCe of a 247 bp PGR fragment wh ich v^uidirtdic^s the p>'a^nce cUha prepay spiiaed rnRN A 
3* for TSHii. 

PGR RESULTS FOR AMPLiFlGATiON Of TSHf RNA mo^(SH s CELLS AND "RAT PJTUfTARy &LANQ TOTAL RNA 

70 ceterrrvne whether GB 3 CsNs normal $ynth^§^ TSHf5;RNA ; CON A from untransrecterj SH 3 ceife as weli aa 
epNASromraipit^ TSie correct 247 ftp O^nd yidicaliva 

o( the presence cfTSHft mRNA was visile in the positive control gf the rat pituitary gland sampie -but ho band was 
visualized from the GH 3 as!* total R^A ssrrip:s even after 80 cydm $ata not shown). 

T:*ANS*T:CTiON RESULTS 

The number of G418 resistant CGbnses pres-ant on the 10 cm dishes wsf^abuiaied between 14 and 2 1 days aitar 
addition 61 to the medsa 
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« 1 t»1 px4* xmrnmrn h *m mm* *■»* conk *&* 

5?„ i B A ef8p8 ano W"**** 0 PCH Wttetto. ■The nurnbef o! positive cotoniss .pmt^hg TSH8 

5cr * e : se corai3TO£! b£ ~ 1 0 «» *«. <* copies ow pooler iransteciinf, was 

^ j^ W MirifaiW^^ta Which TS H<i gsms («n«ri«k*, Waeifeat* 
ii a poof t^pos**,, it was assumed tfeatthfe rSpwwmetf ow pwitiw «toy w mm to that pariieyisr poo! 



p!asrn*d 



| pRSVG^r^OT§HB3-5XSA? (Aat2 dieted) 
j pRSV0ATN£QTSHB^5XBAt (Apal Coasted} 




These remits democrats me s^esfsfiii action of ft* mrmmv transcnpho*a!i V StaitTSHS oerw fev the 
to the number o; copies -that are G41S reliant « appre*imau% one ^or-miy-l^Q^re^u cdhni^ :ibis 
^^1^2^^ pp.. S0 - 60V | { ha* been 

targeted : gw-JR FrohrnananciG Mart*. Ceg. 56-145 <?969;; S. L Mansour Msll^^W /19SS)V It should 
be iMt^:th«:t^:f^.:Wh^.tteS:^8n demonstrated $ ihtto orders of magnrMe hSSTSan ^at-iritghi be exited 
ior random mutation tuning o^thaTSH&gsrse. 

To ensure thai .rfs& results foremen colony poo: were reproducibte and thanhe activation -dfHWA tfari&r&kxi was 
stabie, cotony pools p^ousiy frozen away corresponding to pooie which tsst&d poeiws b the ft rst screening were 
lhawed and expanded in culture, The {reshjy thawed GH 3 positive poofs were seeded in T 25 tissue culture flasks and 
expand umii the ceils reached 70% to 60% confluence. 3B.0QG cells were th^n pisred in 24 weii p&tes tram each 
nask ^:9^*Mi.«toy we: a 6G% lo confirm, RMA was ext raetssf 1 torn ths tmi, converted >r«c> c SNA and 
screed once agar- :Of She presence *f TSHfi RNA by running |G M l of each PGR ftfee&bn a 8% poiy^iardde 
gel F*gjure 1 3 Show-ft* ^sts o? &m**rtmto$ PCH wmtims from m s^ond «cr^^ ffs-.^if^ ^ 'a pehf, 
acryiftpr^^by^jdii^ brom^e fining arrJf I uoraseence. Une& 1 .2. and 3 eomah the PC.R teacisona ryn^oDNA 
Irem QH a oeils wr^n had feen ?ranr,?^ted by pRSVCATNEO pRSVC AT^EQ contains no regions ol homology rr. 

^ atld thus !S nct oa^ia of a^ivatng the TSHfl gene by homologous recombinalion. As can ba seen 6n the ge: 
in f^ure 1 S, ih^sare no bandg aorrssponding io 247 bp in thoss fene & indigatin-g that the TSHji g©ne is not activa^d 
Une 6 also contains a n^gaiive control, in that ian© three pom -mm combinad \mm samples or GK, eel's wh=ch had 
bean transfer wit>i p.RS VCATNEQTSHB3- SXbai ,' 4 Ap«: cut) which were negate for transOTte of the TSH^ 
gen^ on tri* firs! s^reenina The absence of tna 247 bp jr^gmam in lane 6 OemoosWes that the presence ot $tia 
lfan$<>sctadpRSVCA:^HGTSHB3-5Xbai ( Apai out} piasm»d integrated faiifJornJy in me cenome is no? capable o? pR>, 
ducing ms 247 bp TgH^ Pea f ragmem. Lsnsa 7, S, 9, and 10 indude PGR reactions hin on cDNA mada to totai 
RNA harvested from m pftufery dlands in oysntit!^ perfection ^ nanograms, 100 hanogra^. 2Q0 n^no^ra^s, 
and 400 ttanog^fris, raepectivaiy Th© prasencein thsss lanes cf the e^cted 247 &p band, prtxiucsd Irbm cDHA 
praparedTrom a rat tissus wh^ normaiiiy e^re^es f SHii, showed thgt the PGR taction eorii^ons w«rs con^«y 
optirrts^d and tnat ^ PGR b&^d Obtained in ianas 4 snd S oonimning the homoicsoo^s reeomlsinat^on TSH[J posit :yes 
teof ..ma r^rr^t Two poois transf scted wftr* pRB V G ATNEOT BS-S^bai (Apai cfit) which were positive in the 
J-vs: sc^eer-.ino. Apa!-1p7 in Jans 4 and Apai-138 in term s, <m& again taetsd poeiwe for TSHp gene eet^aiiop as 
demonstrated by the presence Qnh&.co?rect^T^^ RNAext^ts 
from tho^pooie proving ih^srs^^^^ 

:n Janes 4 and 5 conte^ng RNA from prgvioos positives Apai^C-7 and ApsM SS and the absence of bands m the 
native c^Ero!$ oi pR$VCATNEO^an^tad OH 3 cefe in tanas 1 - 3 and the DRSVGAFNEOTSHB3^5Xbai: {Apai 
ect) negatives ir 3 iane 6 demGneirai^ lhat ^ orodiiction of TSH[S BttA in a ce!; sine that does >not wmsSly produce 
that RNA has bean ^iabiy tumedon by homologous reco^pinatiop 

The pi esen: invention is not limned to the eel; !ine that is described -mmm.. Alt - o«H toss have cerate inio^ion 
whjch ..w norma!iy silent or fnsn, Most are eb!s 1o exprees only certa:n yer^s. However, a nofmalJy transcr^iona:^ 
sifsnt of inert oene of my such call \m can be activated to ojeprese gene product :n accordance wl-h the pr&s^rvt 
snvent^vanda^y ^ene oltha oenoms ma 

mventton Even prevfcmsiy ^anefermsd eeij Sines can be ussd as long as the prsvious iranetormalion did not to<pt 
the gene ol Mre^. The^oufce ormeogirjjf^ is n^impon^^^^ congous 
or mrwfe: Of course, it ia deeirabfe mm any s^ch ceil fe ba stable and immortsi ^o thai aher treatnW with the 
technique in a^ordanc^ w-th the present invenfen, agression can be coffimercfaiised, Ctened mfc reorganises 
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wheth&f prokarj^fe or eukaryoile, .may- slso be trsstsc! .fey the t^ai^rtic^ue of Jhe present imr-entterv- 

While the present invemtijft has been preferabfy described with respect to tb$ &xpr«$sion of a normaiiy trarjsehp- 
&«&i^$ae^^^ isaisoappiieao^^^^ 

characteristics of a pane wbteh is naturally expressed in iHs bbsS cat iihe. For example, if it is desired to render the 
5 expression of a gene dependent tipon culture conations or the i&s so that expression can be turned on and off. & mt. 
m appropriate DMA reedtafory s^meh*. nuch as a reguiatable promote car- bs inserted v^ich ?moarts such chaiBG^ 
• terfeiics;; such as r epfssaibrfjty or mddC&iSfty For *:<amp>e. if it is known ina? the eefi type contains nuclear steroid 
receptors, suervas^trcgen, testosterone or giucoccrl^ 

responses elements as region E Sucira response element is any DMA which binds such receptor icefeit a positive 

w 

the secerns, so as to make me cei! responsive to pjucoe^kxtsds. The use of a raouteiaste promote--couia 6© desjrab*? 
whether .or rtci the gene onmerast is noimaiiy transcriptionally siiem, Otter kinds dfreouiate can a:so oe ooiair?vd 
by targeting the appropriate .'DftfA rec^iatcry segment to ine exact position gJ Smarasl by means of the proems oHhe 
t$ present invention. 

Thus white stimulation or express transenptionaSry atlem genes is the preferred application :cHhe 

present invention, in its broadest aense it is applicable to the medication of expmssion: characteristics of any gene 
endogenous to the ho^t ceil J;r>& 

The specific teshoiq^ not. par ee, a novet pari of the ptes^nJ 'n vent on. Such 

technk}ueeafe used to the 

present invaation as iono, as ;,it permits targeting of the DNA regulatory sequence to the dosired location With respsjct 
to the gene of Interest, Wiiifc a preferred technic^ is discios^ 

legions on airier end of the sequerjeas to be inserted, •3f^ : :G^^f;l6chrs'ique-.'wt«ch-wiii accomplish this fy^ctjon. as. for 
example; by using eircuiarc^^ 

^ of the present invention is ths use ol homobgous rscombinstfot! techrtj^u^s to insert a DNA regulatory sequence which 
causes modtoafton oi oxpresssonchsractsFisiies in the eeti Sine ot rnicroofgasissm beinq used, Gpemtiveiy iihfosti with 
agenein the genome of the Csifiine, prefer insert an arnpiifiaPfe 

sequence, without a fs^iatory sequence. s^iciGftfiy near a o,ane in the genome Oi the ceii ?trt« v^ich airoady trart-, 
scribes as to cause ampifticaiion o^ suoh gene upoa no- abso<uteiy 

W necessary #m a saisciable marker afso be mciud^; Safeotion csn hr. ^asc-d ^oieiy on detection d the gsns product 
of intemsr or niBNAs m m»: msdia or ceils foliowmf ios^rtton of DNA consi^cl Funherrr>ore. in mo embodiment 
in which a reouiatory scq^anca is being inserted, arrip^cation. whiie d^ired. is npt criticai for opersbiSity The same 
is trUs lor the hegaiivs seiecJ^n g&ne which . tha scre^rting process easier but is not cntical for the success o4 
the invention. Thus, the basic embodiment raqy ires only insertion ot the DMA reguiaiory .'ssgirrteht or ^10 arnpiiJisibfe 

3$ ssgment t^i no sp^ifio posftion desirad H^eva;, m& addition of posriive arid/or nsgafr/G seisotabie marker ganes 
tor dse in ihe setqetion teohr;ique is prelermdv as is -ihe addition ot srs smpmiabia §&m in the embodlrn&nt m which a 
rpgsj^atory se^rriant is being added. 

Th^ term :< modification of expression* as used Jhroijgi'iOLit the presem speciticanon and ciaifTiS. is hereby defined 
as excluding termination of expression by inssmno; by rsomoiogou^ rscom^nation a mu-ajian, deletion, stop cocbn, or 

46 othor r>ucJ#iide sequence, jnc^udtng an entire pone, into the gene ot interest, so as to prevent ths prodyelol interest 
from bem expr sssed the prior art teaches the use ot homojo^aMs fecombination \o insert specie mutations md m 
expression of a .sei! product rosy have fnhcronriy been ^'n^ated by means thamOf ior ^xampie Schwartfcerg 
fttaS. PNAS (USA), 87:3210-3^14 (1 990)}. The present invention is not intenciad to enoor^pass such a proc^duro In: 
m@ present invention: the ft modt? Nation of expression" is ^complished by means oi inseling regulatory and/or ampii^ 

^ ficcit-on reorons at a specific deaked ideation by means o^homoiogous recombination The preferred r^oditications are 
those: which sctivats and/br ^r-.hsnce expression of the pioduci of interest 

WMmmt the present specrffcation uses th© phrase that s DNA reguiatory segment is R operaiivsiy itnKed with 8 a 
oene, §uch termino^ so deposed w?ih respect to the gens 

of interest that transcrfption of such gens is raguSated by that DfvA regulatory seoment. The rfjguSatory segment is 

so prsferaoty upstfeam of the gsng, but may be dowrsimam or within the gene, provided that operates io reguiale 
expfess!ono^i^^e 9ene ^^ sorne v^y,^^ , ^ DNA re^uiatorysepmenf rriay ba a p^on^ar/tsrfnfnat^ 
&:iancrjr, ettenuato!. or ins *ike. or any comoination thereof 

Whenever the t^ms "upstream" or "downsiream^ are u&ed in the pr^nt speoffjeation and cis-ms, m^ i$ intended 
to mean ifi the ^'-direction or tiie 3 : <iirecdon respedtivejy; ?eia?;ve to ttie codinp strand d the gene of interest. 

The to^egoin<j description ot the specific embodiments so tbily reveal me gener^ naiure ot the inventto-i that 
otherscan teadity modify and/or adapt such specific embodiments for vanous applications without departing from the 
ponedc gonc-jp* Any such adaptations and modifeations are ^tended to be embraced within the cleaning and range 
of &q>jjvafents of r.ha disclosed ombodimsnts. It is to be understood that the phrasecfogy ^ and terminoio^y smptoyed 
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!;^? ll ^ fy SS ^^^^ ***** m * ^«**« of saw p^tept^ncm^iy tran^iona^ 

Nation *i .genwsie, ai which mmi )ocmmn m^mmm^Oh ofa &m product *o*M V «x~ 
passed by ssfd eel! iina, and ' w ' 

te Jh© pr^saiecr^ gens wimjfi th-fe hosi c^liJins ^ 



2. A ON 



corotruc it: fer-ft*. fc modi f yirco th« %re**fon ^cteri^ ol a Dttfetoefe* ir> a otedetftr* 

construct .compneiog: . 



a ypWA ^gutetory -.-segment capabte o; ttMtt* tf>e. ^p^pn of said pf*s»fectdd gMrtfirt oper*trvely 
;ir>**o Jf^,th» Or^reg^y m m^hzmg w at tte.:wt«ffli teation 'in the qsr^ at 

which natt;^ location A-arti»Qtt8 me a*pressio* of a gem* product rwroeily. jessed oy : Jfo. ar»d 

f ^A la^^^gm^m hpmoiogous to an ur^nsimed and s*a*i*ie r^ion o! the genome witfiin or srctfffial 
jo -me .presaged gme-wtthtithe ftoatceS-BnB. 



3, 



A DMA zmm uct as cl&imsd fa cMrn 1 of'£ which comp«$&$ two DN A largaJing 
of whbh is F^moiogpus to a ncn-coding region of tha genome. 



segments. ,ai feast me upstream 



4, A DMA coasts as- ctefajeti in dairo 3, wfwain the downstream. DNAtargsi 



gsiin^ segrnem indydas ,a porttorvof ifra 



S. The wee of a DNA construct as claimed m ciair* 1 , or oto 3 or 4 whan dapandsnt on claim 1 h actaima the 
expression of a prosei*^ normally iranscripi^naSty silent .gene in a predetermined ^ukaryotic host c^ Sink 

ft The of 3 DNA oonslruci as dain^d claim & claim 3 or 4 when depenoent on ciatr* ? in rnodifyina the 
expression characteristics of 3 preselected gane ir; » p f edetenrcined erfkaryotic hosi cell i;no. 
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The MAILING DATE of this communication appears on the cover sheet with the correspondence address - 



Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )□ Responsive to communication(s) filed on . 

2a)D This action is FINAL. 2b)D This action is non-final. 

3) \Z\ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quay/e, 1935 CD. 1 1 , 453 O.G. 213. 

Disposition of Claims 

4) ^ Claim(s) 1-21 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) D Claim(s) is/are rejected. 

7) D Claim(s) is/are objected to. 

8) KI Claim(s) 1-21 are subject to restriction and/or election requirement. 

Application Papers 

9) D The specification is objected to by the Examiner. 

10)D The drawing(s) filed on is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 
1 1 )□ The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-1 52. 

Priority under 35 U.S.C. § 119 

12)D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d) or (f). 
a)D All b)D Some * c)Q None of: 

1 .□ Certified copies of the priority documents have been received. 

2. Q Certified copies of the priority documents have been received in Application No. . 

3. Q Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 
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DETAILED ACTION 



Election/Restrictions 



Restriction is required under 35 U.S.C. 121 and 372. 

This application contains the following inventions or groups of inventions which 
are not so linked as to form a single general inventive concept under PCT Rule 13.1. 

In accordance with 37 CFR 1.499, applicant is required, in reply to this action, to 

elect a single invention to which the claims must be restricted. 

Group 1, claim(s) 1-14, drawn to a preparation that comprises collagen or a collagen 
derivative. 

Group 2, claim(s) 15, drawn to a method of making a particle comprising collagen, or a 
collagen derivative, and a nucleic acid. 

Group 3, claim(s) 16, drawn to a medical instrument coated with a particle comprising 
collagen, or a collagen derivative, and a nucleic acid. 

Group 4, claim(s) 17, drawn to a cell culture instrument coated with a particle 
comprising collagen, or a collagen derivative, and a nucleic acid. 

Group 5, claim 18-20 in part, drawn to a method of using a particle comprising collagen, 
or a collagen derivative, and a nucleic acid encoding a protein to transfer the nucleic 
acid into a cell, the method comprising measuring expression of the protein encoded by 
the nucleic acid. 



Group 6, claims 18-20 in part, and 21 in full, drawn to a method of using a particle 
comprising collagen, or a collagen derivative, and a nucleic acid that inhibits the 
expression of a gene or protein in a cell to transfer the nucleic acid into a cell, the 
method comprising measuring inhibition of expression of the gene or protein. 

Claims 18-20 are generic to a plurality of patentably distinct inventions listed as groups 
5 and 6 above. Should applicant elect either group 5 or 6, the elected invention will be 
examined to the extent that it is defined by the group. 



The inventions listed as Groups 1-6 do not relate to a single general inventive concept 
under PCT Rule 13.1 because, under PCT Rule 13.2, they lack the same or 
corresponding special technical features for the following reasons: the technical feature 
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linking the claimed inventions is a preparation comprising collagen or a collagen 
derivative. However, Truong et al (US Patent 6,025,337 taught microparticles 
comprising gelatin (a derivative of collagen) and nucleic acids, methods of making them, 
and methods of using them to transfer the nucleic acid to cells. See e.g. claims 1,17, 
27, 28, and 37. thus the technical feature linking the claimed inventions cannot be a 
special technical feature under PCT Rule 13.2 because it does not constitute a 
contribution over the prior art. 

The special technical feature of each group is considered to be as listed above. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner(s) should be directed to Richard Schnizer, whose telephone number is 571- 
272-0762. The examiner can normally be reached Monday through Friday between the 
hours of 6:00 AM and 3:30. The examiner is off on alternate Fridays, but is sometimes 
in the office anyway. 

If attempts to reach the examiner by telephone are unsuccessful, the Examiner's 
supervisor, Peter Paras, can be reached at (571) 272-4517. The official central fax 
number is 571-273-8300. Any inquiry of a general nature or relating to the status of 
this application or proceeding should be directed to (571) 272-0547. 

Patent applicants with problems or questions regarding electronic images that can be viewed in the Patent 
Application Information Retrieval system (PAIR) can now contact the USPTO's Patent Electronic Business Center 
(Patent EBC) for assistance. Representatives are available to answer your questions daily from 6 am to midnight (EST). 
The toll free number is (866) 217-9197. When calling please have your application serial or patent number, the type of 
document you are having an image problem with, the number of pages and the specific nature of the problem. The 
Patent Electronic Business Center will notify applicants of the resolution of the problem within 5-7 business days. 
Applicants can also check PAIR to confirm that the problem has been corrected. The USPTO's Patent Electronic 
Business Center is a complete service center supporting all patent business on the Internet. The USPTO's PAIR system 
provides Internet-based access to patent application status and history information. It also enables applicants to view 
the scanned images of their own application file folder(s) as well as general patent information available to the public. 

For all other customer support, please call the USPTO Call Center (UCC) at 800-786-9199. 
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